The multinutrient workshop in this series (convened in 1999 in Rio de Janeiro) 
Introduction
The epidemiologic evidence for widespread multimicronutrient deficiencies is abundant [1] [2] [3] . The International Workshop on Multi-Micronutrient Deficiency Control in the Life Cycle, May 30-June 1, 2001, in Lima was motivated by an international concern for assuring micronutrient adequacy, especially in the youngest segments of populations in developing countries. This was also called for in the early 1990s at the Summit on Children (1990) , the Meeting on Hidden
The evolving applications of spreads as a FOODlet for improving the diets of infants and young children S35 Hunger (1991) , and the World Conference on Nutrition (1992). More than a decade ago, these meetings issued calls for reducing or eradicating the prevalence of micronutrient deficiencies.
At the November [16] [17] [18] [19] 1999 , International Workshop on Micronutrient Supplementation throughout the Life Cycle in Rio de Janeiro, Brazil, the term "foodlet" was coined to denote a novel generic concept for a vehicle designed for flexible micronutrient intervention in infants and young children and served as a food in the context of meals [4] . There are diverse theories as to the semantic origins of the term. One theory is that "foodlet" is a combination of "food" and "tablet." However, an alternative theory is that the "let" is the generic French diminutive suffix, and that a "foodlet" meant a "little food." In fact, following the Brazil meeting, it was decided that the vehicle for supplementation in the trial led by the International Research Group on Infant Supplementation (IRIS) in Peru, Indonesia, Vietnam, and South Africa, would be a crumbly, flavored tablet: that is, a "foodLET," as discussed by Lock [5] elsewhere in these proceedings. Preliminary experience in conducting the IRIS I study, reviewed at the 2001 Lima workshop is presented by Smuts et al. [6] . As announced by Gross [7] , a follow-up IRIS III study is planned, with the expectation of exploring the acceptability and micronutrient-nutrition efficacy of another delivery vehicle-the FOODlet. This would be the alternative expression of the "foodlet" concept; that is, a vehicle that is primarily a food (a "little food"), and culturally recognized as a food in its own right. The full presentation of a spread-based approach from the Lima workshop has been published in the pages of this journal as an independent contribution [8] ; the present synopsis and reprise is meant to complement the other papers in these proceedings from the Lima workshop.
Fat-based spreads for tropical environments
Developments in applied technology related to the problem of rehabilitating malnourished children provided the springboard for the proposal of a novel, food-based approach to providing additional nutrients to children in their period of complementary feeding. The concept came from a fat-based spread originally known as a ready-to-use food (RTUF) [9] , which was conceived as a replacement for the standard highprotein and energy-dense World Health Organization (WHO) recovery formulas (WHO 100 series) [10] . These standard formulas are liquid, milk-based beverages, which, once prepared for use in humid, unsanitary, tropical environments, have a short shelf life and rapidly become unsafe to consume.
A fat-based spread seemed to be an answer to the problem of providing nutrients to young children recovering from severe malnutrition [11] . Spreads are prepared by mixing vegetable fat with dry powdered ingredients, including dried milk products, pre-cooked soy flour, sugars, dextro-maltose, and a vitamin and mineral mix. Spreads have a fat content of at least 30% and an energy value of 478.4 kcal/100 g (2000 kJ/100g) or more. The fat component should have its viscosity and melting point adjusted to make the resulting product easy to store and swallow. More precisely, it should have a low viscosity at mouth temperature of 37°C [8, 12] . A fat with a relatively high melting point is best to prevent separation of components during storage at ambient temperatures, especially those encountered in the tropics, which can exceed 30°C. If the fat melts at too high a temperature, however, it will fail to melt at body temperature and an unpleasant mouth feel will result. Advantages of such a spread include easy storage in tropical environments, where refrigeration is rare to nonexistent, and its potential to be introduced into the food system of a community as a specialty food for a specific age group. Bacterial and fungal growth require water and the appropriate nutrients. Spreads are, therefore, made without water and thus can be safely stored in the home without risk of pathogenic bacterial proliferation. The spread is a virtually anhydrous medium and hence resists microbiologic contamination. The main limiting factor for storage life is oxidation, which gives a rancid taste to the product, and leads to a decreased content of vitamins sensitive to oxidation. Through careful selection of primary ingredients and packaging under nitrogen into an aluminum foil container, it is possible to achieve a 12-month shelf life [12] . A much shorter shelf life is likely, however, when spreads are produced locally and not packed under nitrogen.
Fat-based spreads as micronutrient vehicles
The high acceptability of RUTF led to the notion of adapting the basic spread idea to create a multiplemicronutrient intervention product [13] . To begin, the development of a highly nutrient-dense spread as a supplement for children with low dietary intakes of vitamins and minerals was initiated in refugee areas in northern Africa. A controlled trial among Saharawi refugees, aged 30 to 64 months, showed this approach to be effective in treating anemia and partially reversing stunting in children [14] .
As we look ahead to IRIS III, a series of diverse and specific questions arise with respect to adapting fatbased spreads as a FOODlet for multiple-micronutrient interventions in infants and toddlers.
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Should the spreads be designed just as a vitamin-and-mineral-rich supplement?
The standard amount of nutrients to constitute a single daily dose of the recommended intakes (or multiple intakes) has been set as a precedent by the IRIS I experience [5] and was widely discussed at the Lima workshop. The formulation of a flexible spread, one which can accept a mixture and amount of micronutrients tailored to specific nutritional circumstances and population groups, seemed to be the highest agenda item in discussions related to the planning of the sequel protocol for IRIS III. The amount of spread needed to deliver a daily dose of micronutrients can vary from 10 grams to 100 grams per day. The advantage of using a higher-daily-dose spread is that it will deliver additional energy, but it is also more expensive than a smaller dose. However, if large volumes of spread are used to provide additional energy or additional nutrients, the volume needed may exceed what the target population can comfortably consume.
How do small children tolerate such spreads?
To be used in the IRIS III protocol [7] , a spread must be designed specifically for supplementing infants and toddlers ages 6 to 24 months. This type of supplementation has not been previously attempted. Administering the spread by itself, as a snack, has the advantage of avoiding the risk of bacterial proliferation. Moreover, because spreads can be formulated to have a pleasant flavor, the unpleasant taste of soluble minerals can be disguised more easily than with aqueous products such as syrups. Also, a young child's ability to regulate water intake independently from food should be well established before a "snack spread" can be used. Because of their limited development of deglutition reflexes, infants ages 6 to 12 months may have difficulties swallowing a thick paste, even in amounts as small as 10 to 20 grams.
If young infants cannot eat the spread alone, it can be mixed into traditional porridges just before serving, which may be more tolerable. Spreads have a low viscosity at the temperature of any warm porridge, and can be added in the same way as butter or margarine. Porridges fortified by a spread should be consumed immediately after preparation; when mixed with a water-containing food, spreads do not keep their resistance to bacterial contamination. If the spread is to be mixed with other foods, consideration must be given to what potential inhibitors of trace mineral absorption are contained in those other foods. Potential inhibitors include calcium, dietary fiber, phytic acid, oxalates, and tannins.
Preventing oxidation of the spread product by its own ingredients
When it comes to the issue of oxidation, there is a dual concern. First, some of the nutrients, such as fat-soluble vitamins, are subject to oxidative destruction; second, the food constituents of the spread can be oxidized both by atmospheric gases and by its intrinsic ingredients. Fortunately, the surface area of the fat contained in the spread and in contact with oxygen from the atmosphere is low.
The double bonds in unsaturated fatty acids are susceptible to oxidative reaction, especially in the presence of transition metals such as copper and iron; as mentioned, oxidative reactions produce the off flavors of rancidity and the destruction of vitamins. However, the major micronutrient problem in the young child is that of iron deficiency. With respect to the iron fortificant in spreads, ferrous iron is 10 to 1,000 times more pro-oxidant than is ferric iron in vitro, depending on various factors, but especially the pH. Hence, soluble ferric salts may present a more desirable form for use in spreads. Encapsulated ferrous salts can represent an interesting alternative, provided the selected encapsulation method does not limit absorption.
Furthermore, the oxidative stability of the fatty acids and nutrients in the spreads could be improved by the addition of antioxidants. Because synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are not allowed under current regulations of foods for infants and children [15, 16] , tocopherols and L-ascorbyl palmitate may be the only current alternatives. Citric acid may also decrease oxidation as a result of its metal-chelating properties. Even the proteins present in the spread can function as antioxidants through their ability to chelate metals and to neutralize free radicals.
Eliminating or limiting allergens in spreads
For infants, many protein-rich foods, such as milk, soy products, peanuts, and ground and tree nuts, are allergenic and their introduction into the complementary diet requires caution. The RTUF required the use of high-quality proteins; therefore, peanut butter was used when it was introduced in Malawi to replace part of the dried skim milk [9] . Peanut butter is inexpensive, available, familiar, and has a viscosity compatible with the spread. However, it has the disadvantage of containing potent antigens that can provoke severe allergic reactions [17] . Other possible ingredients include cow's milk (dried skim milk), which is expensive, and soy protein, which is less expensive but raises a greater concern regarding allergenicity. Because we are dealing with the period immediately after exclu-S37 sive breast-feeding for the IRIS III intervention, a more conservative and cautious approach might be prudent for this application.
The protein content of a spread can be changed when a food allergy is known to exist in the population or when introduction of novel proteins must be done with caution, such as in infancy. It is technologically possible to develop a protein-free spread that would still be valuable for improving the micronutrient quality of complementary food. This is precisely the context of the FOODlet spread. The resulting spread, however, might be more susceptible to oxidation unless compensated for by some of the antioxidant strategies discussed above.
Will a FOODlet spread be a sound economic choice?
The economic value of a spread as a FOODlet must also be assessed before recommending its use among the poor [18] . A clear principle has emerged-that the costs of fortificant minerals and synthetic vitamins are so low that they do not determine the cost of a fortified food. This expense is more related to the cost of the spread base itself and of the packaging required for its storage and protection [18, 19] . It can be estimated that the cost of spreads as FOODlet would be US $2 to $3/ kg. If 20 grams of spread provides the daily micronutrient dose, this translates to US $0.04 to $0.06 per child per day. Moreover, because the cost of the spread base is higher than the micronutrients it contains, increasing the concentration of micronutrients in the spread will reduce the cost per dose. As noted previously, "A spread may be considered a good choice only if its inclusion among locally available foods results in a net reduction of the cost of a balanced diet-a realistic possibility, even in poor populations with limited purchasing power, with a well-designed spread." [8] 
Conclusion
As noted by Nestel et al. [12] : "Spread development is not as advanced as sprinkle and tablet development, and further research is needed to improve the technology. Although none of the products is ready for widespread use, enough information is available to set research priorities and accelerate product development and implementation." Those of us involved in its development take it as a challenge to work through the numerous questions and queries that arise. As we evolve toward the IRIS III intervention, which contemplates the use of a spread-based FOODlet in young children, we expect to continue to resolve the issues raised by this truly diet-based multiple-micronutrient intervention.
